INTRODUCTION {#s1}
============

Lung cancer is the second leading cancer type for the estimated new cancer cases and the leading cause of cancer death in the United States in 2016 \[[@R1]\]. The high incidence and mortality of lung cancer are always catching the attention of scientists, and naturally the research about lung cancer becomes deeper and more elaborate. According to the International Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society international multidisciplinary classification 2011 (IASLA/ATS/ERS 2011) of lung adenocarcinoma, adenocarcinoma *in situ* (AIS) is defined as a tumor that grows in a lepidic fashion along pre-existing airway structures without detectable invasion. Minimally invasive adenocarcinoma (MIA) is defined as adenocarcinoma ≤3 cm with a predominantly lepidic pattern and ≤5 mm invasion in the greatest dimension \[[@R2]\]. According to the National Comprehensive Cancer Network (NCCN) Guidelines Version 4.2017 Non-Small Cell Lung Cancer, for AIS or MIA patients, we usually give surgical exploration and resection plus mediastinal lymph node dissection or systematic lymph node sampling. More and more incidentally discovered pulmonary nodules were found though low-dose computed tomography (CT), most of which were early stage of lung cancer, like AIS or MIA \[[@R3]\]. Several studies have revealed some molecular features of AIS/MIA. The frequency of Epidermal Growth Factor Receptor (EGFR) mutation was AIS (62%), and MIA (60%) \[[@R4]\]. And Sato *et al* reported the EGFR mutation rate of AIS with smoking was 61% \[[@R5]\]. But the researches specific for AIS/MIA are still not enough, especially for patients in China, and the number of AIS/MIA cases studied in existing reports is small. One of the intractable problem for AIS/MIA is the indication for surgery and how long to follow up before surgery. There is absolute need to do some research about AIS/MIA of Chinese patients.

Programmed cell death-1 (PD-1) is an immunosuppressive receptor of the CD28/CTLA-4 family, which negatively regulates antigen receptor signaling by recruiting protein tyrosine phosphatase upon interacting with its ligand (PD-L1) \[[@R6]\]. Tumor cells hide some antigen features though the interaction between PD-1 and PD-L1, resulting in something like immune escape. Accumulating evidences demonstrated that PD-L1 overexpression is associated with poor prognosis in many kinds of malignant tumor, including lung cancer \[[@R6]\]. Scientists have paid huge attention on PD-L1 and several clinical trials have been carried out, some of which revealed that anti-PD-L1 therapy even could replace chemotherapy in lung cancer \[[@R7]--[@R12]\]. For example, Nivolumab can prolong overall survival (OS) in the patients with ever treated, squamous-cell lung cancer, compared with docetaxel chemotherapy, no matter PD-L1 positive or not \[[@R8]\]. But Nivolumab couldn\'t prolong the disease-free survival (DFS) in patients with non-squamous-cell lung cancer \[[@R7]\]. Another anti-PD-L1 antibody came out. Pembrolizumab prolongs OS and has a favourable benefit-to-risk profile in patients with previously treated, PD-L1-positive, advanced non-small-cell lung cancer \[[@R10]\]. However, the situation of the expression of PD-L1 in the AIS/MIA hasn\'t been reported clearly and finding some relationship between PD-L1 expression and low-invasion of AIS/MIA is in a great need.

In this study, we analyzed the clinical characteristics and the expression of PD-L1 in 274 AIS or MIA patients from the Sir Run Run Shaw (SRRS) Hospital, College of Medicine, Zhejiang University, China.

RESULTS {#s2}
=======

Clinical features {#s2_1}
-----------------

The clinical characteristics of 274 patients are shown in Table [1](#T1){ref-type="table"}. In these patients, 77 were diagnosed as AIS while 197 were MIA according to the IASLC/ATS/ERS 2011 classification. The detailed information about the 274 patients was listed in [Supplementary Table 1](#SD2){ref-type="supplementary-material"}. 4 MIA patients were accidentally found with recurrence and underwent the second pulmonary resection and all found to be invasive adenocarcinoma at the recurrence. The median age of the patients at diagnosis of AIS or MIA was both 52 years, ranging from 25 to 80, 27 to 82 respectively. 55 (71.4%) were female in AIS as while as 140 (71.1%) in MIA, which were almost the same. 28 (36.4%) patients were observed with ever symptoms in AIS and 57 (28.9%) in MIA, like coughing, expectoration, chest tightness, chest pain, blood-stained sputum and so on. As for smoking, 10 (12.9%) and 17 (8.6%) had smoking history respectively in AIS and MIA. 19 (24.7%) of AIS were found to have related past history or family history, which was 56 (28.9%) in MIA.

###### The clinical characteristics of AIS/MIA

                                   AIS          MIA           *P* value
  -------------------------------- ------------ ------------- -----------
  Sum                              77           197           
  Age (range, years)               (25--80)     (27--82)      0.795
   \>52                            39           98            
   \<52                            38           89            
  Sex                                                         
   Men                             22           57            0.745
   Female                          55 (71.4%)   140 (71.1%)   
  Smoking                                                     
   ever                            10           17            0.277
   never                           67           180           
  Symptom                                                     
   ever                            28           57            0.232
   none                            49           140           
  Past history or family history                              
   ever                            19           56            0.531
   none                            58           141           

Surgery information {#s2_2}
-------------------

The surgery information is shown in Table [2](#T2){ref-type="table"}. In cases of AIS, 70.1% underwent wedge resection, 14.3% segmentectomy, 15.6% lobectomy; while in cases of MIA, 67.0% underwent wedge resection, 23.4% segmentectomy, 9.6% lobectomy. There was difference in the distribution of location. In AIS, 30.3% nodules were located in right upper lobe (RUL), 9.0% in right middle lobe (RML), 13.5% in right lower lobe (RLL), 30.3% in left upper lobe (LUL), and 16.9% in left lower lobe (LLL). In MIA, 36.5%, 8.3%, 17.8%, 23.7%, 13.7% were respectively located in each lobe. We observed the tumor size of 35 cases (45.5%) of AIS and 103 cases (52.3%) of MIA larger than 0.8 cm. 8 (10.4%) of AIS were multiple nodules while 35 (17.8%) of MIA. Lymph node sampling was done in 38 AIS cases and 115 MIA cases, ranging from one node to 61 lymph nodes, resulting in none lymph node metastasis. The typical images of AIS or MIA in the chest CT are shown in Figure [1](#F1){ref-type="fig"}.

###### The surgery information

                        AIS          MIA           *P* value
  --------------------- ------------ ------------- -----------
  Surgery                                          
   wedge resection      54 (70.1%)   132 (67.0%)   NA
   segmentectomy        11 (14.3%)   46 (23.4%)    
   lobectomy            12 (15.6%)   19 (9.6%)     
  Location                                         
   RUL                  27 (30.3%)   88 (36.5%)    NA
   RML                  8 (9.0%)     20 (8.3%)     
   RLL                  12 (13.5%)   43 (17.8%)    
   LUL                  27 (30.3%)   57 (23.7%)    
   LLL                  15 (16.9%)   33 (13.7%)    
  Tumor size                                       
   ≥0.8 cm              35           103           0.268
   \<0.8 cm             42           94            
  Multiple nodules                                 
   Yes                  8 (10.4%)    35 (17.8%)    0.131
   No                   69           162           
  Lymph node sampling                              
   metastasis           0            0             NA
   Non-metastasis       38           115           
   No sampling          39           82            

RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; NA, not applicable.

![The typical CT images of AIS and MIA\
The nodule a and c are typical AIS, and the larger nodule b in the left upper lobe is MIA.](oncotarget-08-97801-g001){#F1}

Laboratory examination {#s2_3}
----------------------

The laboratory examination is shown in Table [3](#T3){ref-type="table"}. We found 2 patients of AIS detected with EGFR gene and only 1 with 20-Insert mutation, and 20 patients of MIA detected with EGFR gene and 4 (20%) with L858R mutation, 2 (10%) with 19-Deletion, and 1 (5%) with 20-Insert mutation, leaving 13 (65%) wild-type. The result of EGFR mutation is shown in Figure [2](#F2){ref-type="fig"}. There were 23 patients (2 AIS, 21 MIA) that underwent the IHC analysis of anaplastic lymphoma kinase (ALK) with the result of all negative. There were 17 patients (1 AIS, 16 MIA) who underwent IHC analysis of ROS-1 with the result of 1 AIS negative, 9 MIA negative and 7 MIA positive. None of these patients were found abnormal serum carcinoembryonic antigen (CEA)level at the time of diagnosis and only 5 patients presented higher CEA during the follow-up. No significant association between six factors (sex, age, symptoms, past or family history, smoking and tumor size) with EGFR mutation was observed, which is shown in Table [4](#T4){ref-type="table"}.

###### The laboratory examination of AIS/MIA

                      AIS       MIA                      *P* value
  ------------------- --------- ------------------------ -----------
  EGFR mutation                                          
   L858R mutation     0         4 (20%)                  
   19-Del             0         2 (10%)                  
   20-Ins             1         1 (5%)                   
   Sum of mutatuion   1 (50%)   7 (35%)                  0.674
   Wild               1         13 (65%)                 
  IHC                                                    
   ALK(--)            2         21                       
   ALK(+)             0         0                        
   ROS-1(--)          1         9                        0.388
   ROS-1(+)           0         7                        
  Serum CEA level                                        
   Average (ug/L)     1.7       1.53                     
   Normal             54        138                      0.164
   Abnormal           0         0 (5 during follow-up)   

![The EGFR mutation status in AIS and MIA\
In AIS, 50% were wild type and 50% were 20-Insert mutation. In MIA, 20% were L858R mutation, 10% were 19-Deletion, and 5% were 20-Insert mutation, 65% were wild-type.](oncotarget-08-97801-g002){#F2}

###### The univariate analysis of EGFR mutation

                           EGFR mutation   Wild type   *P* value
  ------------------------ --------------- ----------- -----------
  Sex                                                  
   Male                    2               3           1.000
   Female                  7               9           
  Age                                                  
   ≥52 years               5               8           0.673
   \<52 years              4               4           
  Symptoms                                             
   ever                    3               2           0.611
   never                   6               10          
  Past or family history                               
   ever                    2               5           0.642
   never                   7               7           
  Smoking                                              
   ever                    0               1           1.000
   never                   9               11          
  Tumor size                                           
   ≥0.8 cm                 6               5           0.387
   \<0.8 cm                3               7           

PD-L1 expression {#s2_4}
----------------

All AIS and MIA cases were PD-L1 negative. The typical IHC of positive PD-L1 expression was like Figure [3A](#F3){ref-type="fig"}, which was gotten from the Pathology department of SRRS Hospital. And negative expression of PD-L1 was Figure [3B--3D](#F3){ref-type="fig"}.

![The typical IHC images of PD-L1 expression\
(**A**) positive staining; (**B**--**D**) negative staining of PD-L1.](oncotarget-08-97801-g003){#F3}

Follow-up data {#s2_5}
--------------

The follow-up data is shown in Table [5](#T5){ref-type="table"}. The follow-up chest CT scans before and after surgery were retrospectively analyzed. There were follow-up data of 30 AIS and 51 MIA before surgery, finding the mean follow-up time was 9.8 months of AIS and 18.1 months of MIA before surgery. In cases of AIS, 5 cases were observed with mild progression in the chest CT scan, which meant nodules became a little bit larger, or more obvious, or the density increased, while 14 cases in MIA. After surgery, 62 AIS (mean follow-up time 15.8 months) and 168 MIA (mean follow-up time 18.9 months) were followed up, finding 9 AIS and 22 MIA with mild progression in the CT scan, which meant new nodules came out or residual nodules became larger.

###### The follow-up data before and after surgery of AIS/MIA

                       AIS              MIA               *P* value
  -------------------- ---------------- ----------------- -----------
  Before surgery                                          
   Sum/mean time       30/9.8 months    51/18.1 months    
   Progression^\*^     5 (16.7%)        14 (27.5%)        0.269
   Non-progression     25               37                
  After surgery                                           
   Sum/mean time       62/15.8 months   168/18.9 months   
   Recurrence          0                4                 
   Progression^\*\*^   9 (14.5%)        26 (15.4%)        0.857
   Non-progression     53               142               

^\*^Nodules became a little bit larger, or more obvious, or the density increased.

^\*\*^New nodules came out or residual nodules became larger.

Univariate analysis results for progression {#s2_6}
-------------------------------------------

Eight clinical and pathological variables were subjected to univariable analysis, including age, sex, tumor size, multiple nodules, smoking history, past history or family history, symptoms and pathology type. The result is shown in Table [6](#T6){ref-type="table"}. We found significant association between symptoms and more mild progression of nodules in the chest CT during the follow-up before surgery.

###### Univariate and multivariate analysis results for progression

  Variable                         Univariate Analysis   
  -------------------------------- --------------------- -----------
  Age, (≥52 VS \<52 years)         1.368                 0.242
  Sex, (female VS male)            0.273                 0.601
  Tumor size, (≥0.8 VS \<0.8 cm)   1.011                 0.315
  Multiple, (yes VS no)            0.272                 0.602
  Smoking, (yes VS no)             1.739                 0.187
  Past history, (yes VS no)        0.120                 0.914
  Symptoms, (yes VS no)            5.039                 0.025^\*^
  Pathology type, (MIA VS AIS)     1.224                 0.269

DISCUSSION {#s3}
==========

In a systematic analysis of AIS/MIA reported by Madhusmita Behera (M.B.) in 2016 \[[@R13]\], the median age of patients at diagnosis of AIS/MIA estimated was 65.5 years and 64% of these patients were female and 40% were smokers. In this study, the median age of patients at diagnosis of AIS/MIA was 52 years, which is much earlier than former reported. The studies analyzed by M.B. were all published before 2014, meaning the patients included in these studies got the diagnosis of AIS/MIA before 2014, which is earlier than our study. As the quick development of the technology of CT and the wide application of low-dose CT in the lung screen and people\'s bigger concern about health, nodules in the lung can be found at a relatively younger age, which was proofed by the American National Lung Screening Trial Research Team \[[@R3]\]. But we can\'t deny the age of onset is being earlier due to some environment and lifestyle factors.

The female patients in this study were much more than male, and the ratio of smoking patients was significantly less than that of lung cancer. This result was consistent with M.B.\'s report, but with higher female ratio and less smoking ratio. It may be partially due to the factor of sex, but we can\'t ignore the mental factors that women are easier to get worried or anxious about health as well as to accept chest CT exam or surgery. There were only 12.9% of AIS patients and 8.6% MIA patients with smoking history. Paige M. Bracci *et al* \[[@R14]\] did a large case-control study and found there was an association between AIS and smoking that was smaller in magnitude than other subtypes of non-small cell lung cancer. In this study, there was no significant association between smoking and more mild progression of nodules in chest CT before surgery. More researches should be carried out to demonstrate the relationship between smoking and AIS/MIA.

According to M.B.\'s report, the 5-year DFS rate of AIS and MIA was respectively 100% and 96.7%, and the 5-year OS was respectively 100% and 98.5%. There was no significant difference of DFS or OS between these two tumor types \[[@R13]\]. In this study, only 4 cases of MIA with recurrence and no AIS were found with recurrence, which is consistent with former reports. But cause many cases in our study are so fresh that haven\'t reach 5 years or outcome event, no DFS or OS rate can be figured out yet.

No lymph node metastasis was found by lymph node sampling in 38 AIS and 115 MIA. Many other authors reported the same situation, such as Russell \[[@R15]\], Wang-Yu Zhu \[[@R16]\], Naoki Yanagawa \[[@R4]\] and Kyuichi Kadota \[[@R17]\]. There is no such absolute standard for lymph node dissection of AIS/MIA. Ye B. also believed patients of pure ground-grass opacity (GGO) generally have no lymph node metastasis. Tumor diameter \>1 cm, imaging findings with the mixed GGO or solid nodules, CEA \>5 μg/L, PET-CT SUVmax \>5 are predictive factors of lymph node metastasis \[[@R18]\]. Ye B. emphasized in another study to reduce the clinical intervention for AIS and MIA, such as segmentectomy or lymph node sampling \[[@R19]\]. Long Jiang also mentioned the recurrence and lymph node metastasis was rare in AIS/MIA \[[@R20]\]. So less clinical intervention with sublobar resection was suggested and no lymph node sampling would be warranted for both AIS and MIA, especially for those with tumor size less than 1 cm, normal serum CEA level and PET-CT SUVmax less than 5.

The follow-up chest CT scans before surgery of 30 AIS and 51 MIA patients were analyzed. 16.7% (5 in 30) AIS and 27.5% (14 in 51) MIA had mild progression in the chest CT scans. There was significant association between symptoms and more mild progression of image in chest CT. These patients with mild progression in the chest CT showed no difference of outcome with others who were stable during the follow-up before surgery. So patients who are suspicious of AIS/MIA should be given a longer follow-up time before surgery. Many patients got the surgery therapy kind of "too early". More researches should be carried out to help copy with the over-aggressive surgery, so that doctors can give patients a general follow-up plan before surgery, taking symptoms into consideration, in the future.

Therese Phillips \[[@R21]\] and Jaemoon Koh \[[@R22]\] both found that the expression of PD-L1 was significantly associated with the tumor cell differentiation and lymph node metastasis. Ching-Yao Yang \[[@R23]\] also demonstrated that PD-L1 expression was significantly associated with higher grade differentiation and vascular invasion. Tomoyuki Igarashi \[[@R24]\] revealed the expression rate of PD-L1was higher in stage II/III invasive lung adenocarcinoma than stage I. Yixing Mao \[[@R25]\] got the same conclusion that PD-L1 expression was associated with lymph node metastasis and TNM stage. Yang Zhang \[[@R26]\] reported 1 case of AIS and 6 MIA with the all negative result of PD-L1 expression. In our study, all MIA cases were PD-L1 negative, and only one case of AIS was weak positive and there was no lymph nodes metastasis in all cases. It\'s maybe consistent to the early stage of cancer with less invasion and resistance to immune system. On the other hand, Shafei Wu \[[@R27]\] found PD-L1 was highly expressed in male patients and smokers with lung adenocarcinoma. In AIS and MIA cases, there were much more female patients and non-smokers, which could also contribute to the low expression of PD-L1 in AIS and MIA patients. But beyond that, there were few studies focus on the expression of PD-L1 in AIS or MIA, thus our study was of great meaning.

The PD-L1 expression was also widely studied in other kinds of cancers, some of which had almost the same features of PD-L1 expression as lung adenocarcinoma. For an instance, the PD-L1 expression was significant associated with higher tumor grade and lymph node invasion \[[@R28]\], which was consistent with the situation in lung adenocarcinoma. Another study about PD-L1 expression in breast cancer revealed the significant association between PD-L1 expression and lower histologic stage, absence of necrosis \[[@R29]\].

There may be some biases in our study. First, to make sure there was enough tissue, AIS/MIA cases whose tumor size larger than 1 cm were enrolled to do PD-L1 IHC analysis, resulting in selection bias. Second, women seemed to pay more attention on health or much easier to get worried about pulmonary nodules, which leaded to Berkson bias. Third, the accuracy of the diagnosis of AIS/MIA was questionable. Jennifer M. Boland has mentioned such situation where two pathologists didn\'t agree with each other in some diagnosis of AIS/MIA \[[@R30]\].

CONCLUSIONS {#s4}
===========

There is no significance between AIS and MIA, which is remained some doubts about the meaning to distinguish AIS and MIA. In patients with AIS or MIA, female patients are much more than male, especially female without smoking. AIS and MIA almost do not express PD-L1 protein and without any lymph node metastasis. The surgery intervention should be reduced to as small as possible.

MATERIALS AND METHODS {#s5}
=====================

Patients {#s5_1}
--------

We retrospectively screened 274 patients who underwent consecutive pulmonary resection surgery and were diagnosed as AIS or MIA at the SRRS hospital between 2014 to June 2016. In these patients, 77 patients were diagnosed as AIS while 197 patients as MIA according to IASLC/ATS/ERS 2011 classification \[[@R2]\]. The follow-up time was until 14th November, 2016. The follow-up before surgery was defined as the period between the date of first chest CT to find nodules and the date of surgery; the follow-up after surgery meant from the date of surgery to the date of latest chest CT.

Clinical characteristics {#s5_2}
------------------------

The clinical characteristics of the patients were recorded, including age, sex, symptoms, smoking history, related past history and family history, surgical methods, nodule location, single or multiple nodules, tumor size, ALK, ROS-1, EGFR mutation and serum CEA level. Symptoms included coughing, expectoration, chest tightness, chest pain, blood-stained sputum and so on. Smoking history meant smoking in the past or present, no matter how long or how much and regardless of quit. Related past history and family history was defined as history of respiratory disease, tumors or immediate relatives with malignant tumors. Multiple nodules stand for more than one nodule found in the resection specimens. EGFR mutation, ALK, ROS-1, serum CEA level were all detected in the SRRS Hospital. The normal range of serum CEA was 0--5 μg/L.

Immunohistochemical (IHC) analysis of PD-L1 protein {#s5_3}
---------------------------------------------------

Considering IHC analysis needs adequate tumor tissue, we enrolled 17 AIS patients and 37 MIA patients to undergo IHC analysis of PD-L1 protein, whose tumor size was over 1 cm. We used 4-μm-thick sections of archival formalin-fixated, paraffin-embedded tissues. Briefly, sections were de-paraffinized using xylene followed by ethanol and then washed with distilled water. Then we incubated the slides in 0.3% hydrogen peroxide methanol solution for 10 minutes at room temperature. Each slide was heat-treated using boiled EDTA buffer retrieval solution for 20 minutes at 95--100°C, then cooled to indoor temperature for 10 minutes and put into phosphate-buffered saline (PBS PH7.4) for decolorization. Next each slide was incubated with the primary PD-L1 antibody clone E1L3N (\#13684, Cell Signaling Technology, Danvers, MA) for 30 minutes. After adding enhancement solution, we incubated each slide with the secondary antibody (PV-9000, ZSGB bio company of Beijing, China) for 30 minutes. The sections were then rinsed in PBS, stained with DAB.

All IHC analysis was independently evaluated by two experienced observers (Z. T. and F. G.) who were unaware of the patients' conditions. Cases in which the pathologists disagreed with each other, the staining category were reviewed jointly and a single consensus category was established. Tumors with staining in over or equal to 1% of tumor cells were considered as positive for PD-L1 expression, according to the large-scale clinical trial KEYNOTE-010 \[[@R9]\].

Statistical analyses {#s5_4}
--------------------

The relationship of clinical features between AIS and MIA was analyzed using χ2 test. Use univariate analysis to reveal the relationship between factors like age, sex, symptoms, past history, smoking with mild progression of nodules in the chest CT before surgery. Differences were considered statistically significant at a two-sided *P*-value less than 0.05. All statistical analyses were performed using SPSS 22.

SUPPLEMENTARY MATERIALS TABLE {#s6}
=============================
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